Taiwania, 42(1): 53-62, 1997 


Cloning and Characterization of Rice Manganese Superoxide 

Dismutases 


Jyh-Cheng Chen (I) , Daw-Shyng Wei fl) and Shu-Mei Pan (1 ' 1 2) 


(Manuscript received 25 January 1997; accepted 26 February 1997} 


ABSTRACT: There arc multiple forms of manganese superoxide dismutase (Mn-SOD) in rice 
extract, which can be separated by native gel electrophoresis. We have isolated two rice cDNA 
c encodin g Mn-SOD designed as msodl and msod2. The two clones contain 951 and 1352 bps 
w,th sequence identity of 85.27% in full length and 98.71% in the coding region. However, rite 5' 
-n 8 ' 0 " 5 P" or , t0 lhe firsI ln ' frame codon (113bp in msodl and 511bp in msod2) are onlv 
b-ooo 0 lden , IICa ' but the . 3 ' umrans!aied regions (142bp in msodl and 145bp in msod2) share 
So.9^/o similarity. Genomic Southern analysis indicates that multiple genes encoding Mn-SOD in 
nee are multiple in nature. 

KE^ WORDS; Mn-SOD cDNA, Oryza saliva, SOD, Superoxide dismutase. 


INTRODUCTION 

Superoxide dismutases (E.C. 1.15.1.1; SOD) are a group of metal-containing enzymes 
that catalyze the dismutation of superoxide radical to molecular oxygen and hydrogen 
peroxide (Beyer et al., 1991). These enzymes act as a defense mechanism to remove reactive 
oxygen species, including the superoxide, hydrogen peroxide and hydroxyl radicals which 
are generated in a number of pathways (Fridovich, 1978). Accumulation of these active 
oxygen species in aerobic organisms may cause peroxidation of membrane lipids. DNA 
strand breakage, and inactivation of enzymes (Imlay & Linn, 1988). Defense systems 
derived from enzymatic and nonenzvmatic antioxidants in living organisms can min imi 
the deleterious effects of active oxygen free radicals (Pell & Steffen, 1991). SOD, catalase 
and ascorbate peroxidase are important antioxidant enzymes in plants. SOD may be 
classified mto three types according to their metal cofactor requirements: copper/zinc 
(CuZn-SOD), manganese (Mn-SOD), and iron (Fe-SOD) forms. CuZn-SOD, the most 
abundant form, is located both in cytosol and in chloroplasts (Kanematsu & Asada. 1990); 
Mn-SOD. on the other hand, is located in mitochondria (Jackson et al, 1978). SOD activity 
m plants increases in response to environmental stresses (Bowler et al, 1989; Tsang et al., 
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1991), accordingly, SOD activity has been shown to correlate with the severity of stress 
(Bowler et al, 1992). Transgenic plants having the elevated levels of SOD activity enhance 
the tolerance towards oxidative stress (Bowler et al, 1991; Perl et al., 1993; Gupta et al. 
1993) and other stresses (Mckersie et al, 1993; Van Camp et al, 1994). 

We observed differential enhancement of SOD activity in rice plants when subjected to 
treatments with various stresses (Chen, 1994; Wei et al, 1995). In order to study the SOD 
gene regulation of rice in response to environmental stresses and further generate the 
transgenic rice plants having various levels of the SOD activity' for testing the capacity of 
stress tolerance, a full-length cDNA of CuZn-SOD was cloned ’(Pan et al, 1995). Here.' we 
report the isolation and characterization of Mn-SOD cDNA clones from a rice cDNA library. 


MATERIALS AND METHODS 
Plant Materials and RNA Preparation 

Rice seeds {Oryza sativa L. cv. Tainung 67) were germinated in a dark growth chamber 
at 28 C ■ f otal RNA was isolated from onewveek-old, etiolated seedlings using the 
SDS/PhenoI method (Sacco et al., 1988) or isolated by TR1 reagent supplied by Molecular 
Research Center, Inc (Cincinnati, OH) 

Electrophoresis and SOD Activity Stain 

Electrophoresis was conducted with a 1.5 mm 12% native acrylamide slab gel in 
standard Ins-glycine buffer, pH 8.3. An appropriate amount of rice extract was applied and 
run at 80 \ through stacking gel for 15 min and 120 V through separating gel for 60 min. 
After electrophoresis, a modified photochemical method of Beauchamp and Fridovich (1971) 
was used to visualize SOD activities. The gel was first soaked in 1.225 mM nitroblue 
tetrazolium solution for 15 min, briefly washed, then soaked in 100 mM potassium 
phosphate buffer, pH 7.0 containing 0.028 mM riboflavin and 28 mM TEMED for another 
15 min. After the gel was briefly washed, it was illuminated on a light box with intensity of 
30 jjE s-'nr 2 for 15 min to initiate the photochemical reaction. To identify CuZn-SOD, 8 
mM KCN w r as included in the riboflavin solution for activity staining. For the identification 
of Mn-SOD, the gels were first soaked in 8 mM hydrogen peroxide in 100 mM potassium 
phosphate buffer. pH 7.0, for 30 min, followed by SOD activity staining. All procedures 
W'ere carried out at room temperature and the two soaking steps were shaken at 75 rpm. 


cDNA Library 

A cDNA library constructed with Agtl 1 was purchased from Clontech. The cDNA was 
prepared from mRNA isolated from etiolated shoots of 5-d-old rice plants, cultivar IR36. 

RNA-based PCR 

The primers used for the PCR were oligos complementary' to sequences that flank a 0.5 
Kb region in the com Mn-SOD cDNA. The EcoRI recognition sequence was added to the 
two primers at the 5' end as adaptor, PI: 5'CGGAATTCGGCGCGCTGGAACCG3'; P2: 
5 , CGGAATTCGTATGCATGTTCCCA3'. The Superscript Preamplification System 
(GIBCO BRL, LIFE TECHNOLOGIES, USA) w r as used to synthesize the first strand 
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cDNAs from rice total RNA. The target cDNA was then amplified with gene-specific 
primers PI and P2 by the PCR method. 

DIVA Probes Preparation and Hybridization 

P 32 -labeling DNA probes: The DNA probes were labeled with [P 32 l dCTP according to 
random primer labeling kit protocol of the supplier (Amersham). After hybridization, the 
following three w'ashes were carried out: two 15 min washes in 2x SSC, 0.2% SDS at room 
temperature, and an 1 hr w ; ash in O.lx SSC, 0.2% SDS at 42 °C. Positive plaques were 
detected after autoradiography, and isolated after dilution, plating and rehybridization under 
the same condition. DIG-labeled probes: Digoxigenin-11-dUTP was incorporated into DNA 
by PCR using the msod2 clone as DNA template according to DIG DNA labeling kit 
protocol of the supplier (Boehringer Mannheim Biochemica). 

Sub cloning 

Isolated A phages were purified by a standard polyethylene glycol precipitation 
procedure (Sambrook et al., 1989). Phage DNA was obtained by phenol/chloroform 
extraction, and followed by ethanol precipitation. Six putative clones w : ere selected and the 
insert size of each was determined and its identity' of Mn-SOD gene was confirmed by the 
Southern blot. Each of the largest two insert DNAs was cleaved out with £coRI. then ligated 
into pUC19 DNA at ficoRI. Competent E. coli JM109 cells were transformed with the 
ligated DNA by the CaCf method (Sambrook et al., 1989). These two clones were 
designated as msodl and msod2. 

Sequence Analysis 

The msodl and msod2 were subcloned to pGEM7Z-f (+), and the nucleotide sequecnce 
was determined by dideoxy chain-termination method (Sanger et al., 1977). DNA sequence 
data and the derived Mn-SOD amino acid was analyzed by DNASTAR (DNASTAR Inc.). 

DNA Isolation and Southern Blot Analysis 

Total DNA from young rice seedlings was extracted with urea extraction buffer (7 M 
urea, 0.3 M NaCl, 50 mM Tris-HCl, pH 8.0, 20 mM EDTA. and 1% sarkosine) and an equal 
volume of the mixture of phenol, chloroform and isoamylalcohol (25:24:1) w r as added and 
incubated at room temperature for 15 min. After centrifugation at 8000 rpm at 4°Cfor 10 
min, an appropriate amount of 3 M sodium acetate (pH 5.2) and isopropanol was added to 
the supernatant in order to precipitate the DNA. The DNA was then washed tw'ice with 70% 
alcohol and once with 100% alcohol, before dissolving with TE buffer. 30 /ig of rice DNA 
was digested with restriction endonucleases (ffcoRI, BamYH. and Hindi. II), then run on 0.8% 
agarose gel before transferred to a nylon membrane. Blotting to Hybond N membrane w'as 
performed according the protocol of the supplier (Amersham). DNA was fixed on the 
membrane by XL-1000 UV crosslinker (Spectronics corporation). Hybridization was 
performed using DIG-labeled Mn-SOD as a probe. This probe was added to the 
prehybridization solution (5x SSC. 0.5% blocking reagent, 0.1% N-lauroylsarcosine, Na-salt 
and 0.02% SDS) and hybridized overnight at 65 °C. Following a 5 min-w'ash twice with 2x 
SSC and 0.1% SDS at room temperature, the blot w'as washed twice again at 65 °C with 
0.1% SSC and 0.1% SDS for 15 min each time. After blocking in 0.5% blocking reagent. 
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the membrane was hybridized with DIG-labeled probe, its binding to antibody-conjugated 
alkaline phosphatase was carried out and visualized with the chemi I luminescent substrate 
AMPPD. 


RESULTS 


Multiplicity of Mn-SOD Forms 

Multiple forms of Mn-SOD and CuZn-SOD in rice leaf extract w : ere revealed on a non¬ 
denaturing acrylamide gel, and there were three different isoforms of Mn-SOD based on 
their mobilities (Fig. 1). The Mn-SODI may comprise several forms of Mn-SOD, it varys 
depending on the age, growth and parts of rice and the gel condition. 

Cloning 

The primers used for PCR were oligos complementary- to sequence that cover a 0.5-Kb 
region in the corn Mn-SOD cDNA, wilich corresponds to the most conserved region of 
amino acid sequence of Mn-SOD observed among various plants (White & Scandalios, 
1988). After cDNA was made from rice total RNA using oligo (dT) l2 _ 18 as the primer, the 
DNA was targeted with PI and P2 both primers and amplified by Taq polymerase. An 
expected size of 0.5-Kb DNA w 7 as found as the only major PCR product, which was 
subcloned into pUCl 9 and sequenced to prove as a part of Mn-SOD gene. 

The identity 7 of this 0.5-Kb DNA was 
confirmed, and it w ; as used to screen 
300,000 pfu from the Agtl 1 cDNA library' 
generated from poly(A)RNAs of 5-d-old 
etiolated rice shoot. Six putative clones 
were obtained from the primary' screening. 
The largest two inserts (about 1.5 and 1.0 
kb) were subcloned into pUC19 vector, 
designed as msodl and msod2. The 
construction of unidirectional nested 
deletion sets from these two plasmids was 
used to sequence the DNA insert. 
Characteristics of these two clones, msodl 
and msod2, containing 951 and 1352 bps in 
length, respectively, were summarized in 
Table 1. The nucleic acid sequence and its 
derived amino acid sequence of msod2 
were shown in Fig. 2. 

The open reading frame included 696 bp corresponding to 231 amino acid residues, and 
this cDNA contained a 5’ end of 511 bp and a 3' end of 149 bp. The identity 7 of this clone 
encoding Mn-SOD is confirmed by synthesis of the msod2 gene product in E. coli resulting 
in Mn-SOD enzymatic activity. A consensus signal for polyadenylation AATAAAAA was 


— Mn-SOD ] 

— Mn-SOD J! 

—CuZn-SOD I 

— Mn-SOD III 
—CuZn-SOD 11 

— CuZn-SOD III 


Fig. L Profile of SOD isozymes from leaves of 
Otyia saliva L. cv. TNG67. After electrophoresis 
on a 10 % native gel, the gel was stained and 
treated with 8 niiM KCN or 8 mM H 2 0 2 as different 
SOD inhibitor to identify different types of SOD, 
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CGGTTCTTTATAGAGTTTATTTTACTTATAATCTGGACCAGATTGTCTTTA 

TCTGGTATCGGAGGGATGCTGGGCAGTTTACCAACATTACTGCCTTGCAAG 

CGTGCAATAACCGTGATCAGATTTACAATATCCTGTGTCCTATTTGCTGCA 

TTTTCCTGGTTTCCAGGTAGCAGCAGCTGCGAACGAACATCTGTTGGCTGG 

GTTTTTCTTCGCCGCCTGTTGTGACCGGCGAGCCTACGTCTGCAGCTCCTC 

TTACCCTCATCAAACTCAGAGAGCGGGTGAAATCTACTGCACTGCTGACAG 

AAGCGCTGCATCTGGTTGCCAACCAGCGCCTTCGTGGTCTTGCCGTGGATC 

TCGCAGACTTTGTGTCTCCGGTGATAATCCTTGGCGTTGGTCAGATCCGCC 

CTGCAGTCATCCACCTGGCACATCGGGTAGCTTCCGCCACTACCGCCTGAG 

TTTCCACCGCCTCCGCCTCCCCCATCCTCCAGTGCTACGGTGTCACGCAGC 

CATGGCGCTCCGCACGCTGGCCTCGAGGAAAACCCTAGCCGCCGCGGCGCT 

MALRTLASRKTLAAAAL 

GCCGCTGGCTGCGGCGGCGGCGGCGAGGGGTGTGACGACCGTCGCGCTCCC 

PLAAAAAARGVTTVALP 

GGACCTCCCCTACGACTACGGCGCGCTGGAGCCGGCCATCTCCGGGGAGAT 

DLPYDYGALEPAISGEI 

CATGCGCCTGCACCACCAGAAGCACCACGCCACCTACGTCGCCAACTACAA 


17 


34 
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N Y N 68 
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K 


AAV 


K 


85 


CATCGTGCACCTCCAGAGCGCCATCAAGTTCAACGGCGGAGGCCATGTCAA 


V H 


K 


N 


H V N 102 


TCATTCGATCTTCTGGAATAACCTCAAGCCTATCAGCGAGGGTGGTGGTGA 


H 


F W N N 


K 


G E 119 


GCCACCACATGCAAAACTTGGCTGGGCCATTGATGAGGATTTTGGTTCATT 


H 


K 


W 


F 136 


TGAGGCACTTGTAAAGAAGATGAGTGCAGAAGGTGCTGCTTTACAAGGATC 


V K K M 


S 153 


CGGATGGGTGTGGCTAGCTTTGGATAAAGAGGCAAAGAAGCTTTCAGTGGA 


W 


W 


K 


K K 


V E 170 


AACAACTGCTAACCAGGACCCTCTGGTAACGAAGGGGGCCAACTTGGTTCC 


N 


K 


N 


P 187 


TTTGTTGGGAATTGATGTCTGGGAGCATGCGTACTACCTGCAGTACAAGAA 


D 


W 


K N 204 


TGTCAGGCCAGACTACCTGAGCAACATCTGGAAGGTGATGAACTGGAAATA 


R 


N 


I W K V M N W K Y 221 


CGCAGGGGAC-GTGTACGAAAATGCGACTGCTTGATGTTGTCTGAAGGCAAC 


A 


V 


H 


231 


GCTCGTGGTTTTTTTTTCACCTAGTACTGCCATGGATCTTTGTATGCAATA 

AAAA TGGGCCTATTGCACTTCTGGACCTTGTGTACATTGCGTAGAGGTGGA 

CTAATGCATAACATAATATGCCTGGG 


Fig. 2. Nucleotide sequence and its derived amino acid sequence of a rice cDNA clone encoding Mn-SOD 
Stop codon is indicated by the dot. Polyadenylation signal is underlined. (The nucleotide sequence data 
reported here will appear in the EMBL, GenBank and DDBJ Nucleotide Sequence Databases under the 
accession number L34038 and L34039.) 


found between nucleotide 1272 and 1279 (Fig. 2). Comparison of msod2 with msodl 
showed 85.2% homology with 98.71% identity in the coding region. The 5‘-untranslated 
region sequence (113 bp in msodl and 511 bp in msod2) exhibited only 59.29% homology, 
but the 3' untranslated regions (142 bp in msodl and 145 bp in msod2) had 85.92% 
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Table 1 Characteristics of two cDNAs encoding Mn-SOD from rice 


Organism 

Ory za saliva L. (rice) cv. IR36 

Gene Function 

Encode Mn-SO D protein of rice. 

Clone Type 

Two cDNA clones containing the entire coding sequence, designated msodi and msod2 

Source 

cDNA library in Tgtll EcoK\ (Clontech) prepared from mRNA isolated from etiolated 
shoots of 5-d-old rice plants 

Sequencing 

Techniques 

Both cDNAs were subcloned into pUC19 or pGEM7Z-f {+) and sequenced bv the 
dideoxy method using exonuclease III deletion clones and cusiommiade oligonucleotide 
primers. One strand of msodi and msod2 were sequenced entirely and the second strand 
was sequenced only in regions where the sequence was divergent from Ml 4 previously 
reported by Sakamoto 

Method of 
identification 

Comparison to other published Mn-SOD cDNA clones; synthesis of the msod2 sene 
product in E.coli resulted in Mn-SOD enzymatic activity 

Features of 
cDNA clones 

msodi contains 951 nucleotides in length. msod2 contains 1352 nucleotides in length. 
Sequence identity between the two clones is 85.27 % in full length and 98.71% in the 
coding region. Open reading frame is from position 114 to 809 in msodi, and 512 to 
1207 in msod2. The 5 T sequences prior to the first in-frame start codon (113 bp in pmsodl 
and 511 bp in pmsod2) are only 59.29% identical but the 3' untranslated regions (142 bp 
in pmsodl and 145 bp in pmsod2) have 85.92% similarity 

Structural feature 
of the proteins 

The open reading frame of both cDNA clones encode 231 amino acids with a predicted 
Mr of 24,997; first 29 residues corresponding to a putative mitochondrial presequence. 
The deduced amino acid sequences are 96% identical. Both clones have other Ln-frame 
ATG codons 


similarity. The 5' untranslated region of msod2 cDNA was unusually longer than that of the 
msodland M14 by 308- and 484-bp, respectively. M14 was isolated from a different rice 
cultivar by Sakamoto et a/.(1993). Comparison of the NF^-terminal sequences deduced for 

these two rice Mn-SOD cDNA clones with those of other plants shows a various degree of 
amino acid homology (Fig. 3). 


Rice msodi 
Rice msod2 
Zea mays 
Pi sum sativum 
Ipomoea batatas 


MALR TLASR K T L . . . .AAAALPLAAAAAA.R GVTTVA LPD 

14A L R CVASR K T L ... .AAAALPLAAAAAA.R GVTTVA LPD 

Mh i« R TLASK K V L SFPFGGAGRPLAAAASA.R GVTTVT LPD 

R TLliCR K T L SSVLRNDAKPIGAAIAAASTQS R GL-HVFT LPD 

MA L R :; NLATR KTL .... SATGKRSGSTC.R . LADAT LPD 


Fig. 3. Alignment of amino acid sequences from the NH 3 -termini deduced from rice cDNAs of Mn-SODs with 
the amino acid sequences derived from Mn-SOD cDNA clone of Zea mays (GenBank accession number 
M33119), Pisum sativum (X60170), Ipomoea batatas (L77.78). 
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DISCUSSION 

The multiplicity of Mn-SOD activities was common and reported in various living 
organisms (Almansa et al, 1989; Casano et al., 1995). By using native PAGE and activity 
staining on the acrylamide gels, three distinct Mn-SOD activities were detected in the rice 
extract isolated from different organs at different development stages (Chen, 1994; Pan & 

Yau, 1991). In addition, preferential expre¬ 
ssion and enhanced activity in Mn-SOD were 
observed in ozone-fumigated rice (Chen. 
1994). CuZn-SOD isoforms were also 
observed in rice, and these isoforms were 
coded for by mutipie genes (Sakamoto et al., 
1992; Sakamoto et al., 1995). 

Two rice Mn-SOD cDNA clones were 
isolated from a cDNA library' of etiolated 
shoots of rice cultivar, IRS6. These two 
clones share a high degree of sequence 
homology in the coding regions and vary in 
the noncoding regions (5 1 and 3’ untranslated 
sequences). Similar observation can be made 
when compared with another Mn-SOD 
cDNA clone (Ml4) previously isolated from 
rice developing seeds (Sakamoto et al, 
1993). The 5' untranslated leader region of 
the rice Mn-SOD cDNA clones van' in lengh 
and nucleotide sequence, suggesting the 
existence of different genes or possibly it was 
caused by the use of different rice source. In 
maize genome, there are at least four sod3 
genes, and these maize Mn-SOD cDNAs 
share a high coding sequence homology but differ in the 5' and 3' noncoding regions (Zhu & 
Scandalios, 1993), however only one Mn-SOD gene was reported in animals and other plant 
system. Although 5'UTR with 512 bp-lenght of msodl is unusually long and its signficance 
of having the different lenght in leader seqence is not clear at this moment, the effect of this 
5'UTR on the expression of msodl in stressed rice is under study. In addition, the multiple 
bands can be detected in the genomic DNA blot of rice using Mn-SOD cDNA as a probe 
under a high stringent condition, supporting the notion that there are multiple genes of Mn- 
SOD in the rice genome. 
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Fig. 4. Genomic Southern analysis of the rice 
gene encoding Mn-SOD. 30/jg DNA was digested 
with Bamm (B), £coRI (E), or Hindlll (H), 
respectively then separated on 0.8% agarose gel 
and transferred to a nylon membrane. The 
membrane was hybridized with the DIG-labeled 
cDNA coding region of msod2. 
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